ABSTRACT This article provides taxonomic keys for the identiÞcation of the fourth-instar larvae and females of 24 species of anopheline mosquitoes (seven species in subgenus Anopheles and 17 species in subgenus Cellia) recorded from Pakistan. The keys are based on literature sources as well as the examination of Þeld and museum collections.
, recognized only An. gigas simlensis, and did not recognize subspecies within An. stephensi, which occurs in several morphological "forms" (Sweet and Rao 1937, Subbarao et al. 1987 ) whose taxonomic status is unclear.
The need for up-to-date taxonomic keys hardly needs to be emphasized, with the resurgence of malaria worldwide. Although An. culicifacies s.l. Giles is acknowledged as the major vector in Pakistan, the status of other anophelines in relation to malaria transmission is uncertain. Hussain (1951) lists An. culicifacies s.l. as the main vector in the Punjab, North West Frontier Province (NWFP), Sind, Baluchistan and the Karachi area, with An. stephensi Liston as a suspected vector in these areas and An. superpictus Grassi as a suspected vector in Baluchistan and parts of the NWFP. Hussain and Talibi (1956) and Rahman and Muttalib (1968) incriminated An. stephensi as a malaria vector in periurban areas of Karachi, but Mahmood et al. (1984) and Mahmood and MacDonald (1985) concluded that An. stephensi and An. subpictus s.l. Grassi would be unlikely vectors in rural Pubjab owing to low survivorship. Aziz et al. (1988) state that no proper studies to incriminate vectors have been done in Pakistan, and thus species such as An. stephensi, An. fluviatilis s.l. James, An. annularis s.l. van der Wulp, An. subpictus s.l., An. superpictus, and An. pulcherrimus Theobald are still suspected to be vectors in different parts of the country. Recent studies by Rowland et al. (1997 Rowland et al. ( , 2000 reinforce a concern raised earlier by Pervez and Shah (1988) that An. stephensi plays a more important role in transmission than previously suspected in Pakistan.
Because morphotaxonomy is the basis on which routine malaria vector surveillance and control operations rest, we thought it timely to produce keys to the females and fourth-instar larvae of anopheline mosquitoes in Pakistan to assist malaria control personnel and others interested in research on local mosquitoes.
Materials and Methods
Based on the existing literature, the following 24 species are recognized from Pakistan. Subgenus Anopheles: barbirostris s.l. van der Wulp, barianensis James, claviger (Meigen), gigas simlensis (James), lindesayi Giles, nigerrimus Giles, and peditaeniatus Leicester.
Subgenus Cellia: annularis s.l. van der Wulp, culicifacies s.l. Giles, dthali Patton, fluviatilis s.l. James, maculatus s.l. Theobald, moghulensis Christophers, multicolor Camboulieu, pallidus Theobald, pulcherrimus Theobald, sergenti (Theobald), splendidus Koizumi, stephensi Liston, subpictus s.l. Grassi, superpictus Grassi, theobaldi Giles, turkhudi Liston, and willmori (James).
Morphological characters used in the keys are based on observation of specimens and previous usage in published literature. Specimens (adults, larval exuviae with associated adults, and preserved larvae) in Pakistan were examined from the south Punjab and Northwest Frontier Province areas in 1999 Ð2000. Material from western Asia and the Oriental Region deposited in the British Museum of Natural History was examined in August 2000. Immature stages of all except An. willmori, and adults of all anopheline species recorded in Pakistan were examined during the study. Reference sources consulted during the preparation of the keys were Christophers (1933) , Mattingly and Knight (1956) , Du Bose and Curtin (1965) , Reid (1968) , Harrison and Scanlon (1975) , Ramachandra Rao (1984) , Glick (1992) , and Amerasinghe (1990 Amerasinghe ( , 1992 .
The terminology used in the keys follows Harbach and Knight (1980) . Figs. 1 and 2 illustrate morphological characters of larval and adult anopheline mosquitoes as an aid to using the keys.
I. Key to Fourth-Instar Larvae
Abbreviations include the following: A, antenna; C, cranium; P, prothorax; M, mesothorax; T, metathorax; IÐX, abdominal segments.
1. Seta 2-C inserted at least as far apart as distance between 2-C and 3-C on one side; seta 1-A always single, setae 5Ð7-C branched (subgenus Cellia) . . . . . . . . . 2 Seta 2-C inserted close together, closer than distance between 2-C and 3-C on one side; setae 1-A and 5Ð7-C branched; if seta 1-A single, then setae 5Ð7-C reduced, single (subgenus Anopheles 3(2). Thorax with long pleural setae 9,10,12-P and 9,10-M single or occasionally biÞd; 9,10-T branched; seta 3-C Ն0.5 length of 2-C; seta 4-C nearly as long as 3-C, placed posteriorly and wide apart . . subpictus s.l. Thorax with at least pleural seta 9-P,T branched; 9,10-M and 10- . Seta 4-C distinctly shorter than 3-C; basal tubercles of 1,2-P close together; tips of seta 2-X branches not hooked, those of seta 3-X hooked (Fig. 1c) . culicifacies s.l. Seta 4-C as long as 3-C; basal tubercles of seta 1,2-P well separated; branches of setae 2,3-X with distinctly hooked tips . dthali 7(4). Setae 9,10-M branched; abdominal palmate seta 1-III weak, 1-IVÐVI strong ( 1A, anal vein; Al, alula; AnP, anterior promontory; Ant, antenna; Ap, antepronotum; C, costal vein; CE, compound eye; Clp, clypeus; CuA, anterior cubitus; CuP, posterior cubitus; C-I, coxa of foreleg; C-II, coxa of midleg; C-III, coxa of hindleg; Fe-III, hindfemur; Fl, ßagellum; h, humeral crossvein; Hl, halter; La, labelum M, media; Mam, mesanepimeron; mcu, mediocubital crossvein; Mks, meskatepisternum; Mplp, maxillary palpus; Mpn, mesopostnotum; MS, mesothoracic spiracle; Msm, mesomeron; MtS, metathoracic spiracle; Mts, metepisternum; M1, media-one; M2, media-two; M3ϩ4, media-three-plus-four; P, proboscis; PA, postspiracular area; Pa, paratergite; Pe, pedicel; PeSL, lower proepisternal seta; PeSU, upper proepisternal seta; PK, prealar knob; PMe, pleural membrane; Ppn, postpronotum; PrA, prescutellar area; Ps, proepisternum; S, sternum; SA, subspiracular area; Sc, subcosta; ScA, scutal angle; Scu, scutum; SF, scutal fossa; Stm, scutellum; Re, remigium; R, radius; Rs, radial sector; R1, radius-one; R2, radius-two; R3, radius-three; R2ϩ3, radius-twoplus-three; R4ϩ5, radius-four-plus-Þve; Ta-III 1 -Ta-III 5 , hindtarsomeres 1Ð5; Te, tergum; Ti-III, hindtibia; U-III, hindunguis; UC, upper calypter; V, vertex; WF, wing fringe. Setae 3,4-C single or occasionally biÞd, never multiple branched . . . . . . . . . 13 13(12). Setae 2,3-C smooth or Þnely frayed (Fig.  1a, inset) ; abdominal seta 1-II strongly palmate (Fig. 1b inset) Wing veins with contrasting pale and dark areas at least on veins C and R-R 1 . . . 3 2(1). Lower proepisternal seta present (Fig. 2c) (14) . Scutum with narrow pale scales on median area; upper proepisternal seta present (Fig. 2c) on the egg ßoat, three forms of An. stephensi have been recognized. They are the "type" form, the form "mysorensis," and an "intermediate" form (Sweet and Rao 1937, Subbarao et al. 1987) . In India, all three forms occur in periurban areas, whereas only the intermediate and mysorensis forms occur in rural areas (Subbarao et al. 1988) . Within Pakistan, the mysorensis form dominates in Karachi and surrounding villages (Afridi et al. 1958) , but the varietal status of An. stephensi elsewhere in the country is currently unknown. Nalin et al. (1985) cite evidence showing that in areas such as Karachi (Pakistan) and Salem, Tamil Nadu (India), where An. stephensi is a malaria vector, its populations possess chromosomal inversions, whereas nonvector populations from Lahore (Pakistan) and Pondicherry (India) do not possess these inversions. It is not known how the chromosomal inversion patterns relate to varietal status. 4. Anopheles subpictus consists of at least four sibling species (A, B, C, and D) (Suguna et al. 1994) that cannot be reliably separated on morphological characters. It is still unknown which species of this complex occur in Pakistan. 5. Anopheles culicifacies consists of at least Þve morphologically indistinguishable sibling species (A, B, C, D, and E) (Kar et al. 1999) . Sibling species A and B occur in rural Punjab, with sibling A (the likely major malaria vector) predominating (Mahmood et al. 1984, Mahmood and MacDonald 1985) . The identity of populations in other areas of Pakistan is unknown. 6. One of the characters used in other keys (e.g., Amerasinghe 1990, Harrison and Scanlon 1975) to differentiate populations of Southeast Asian An. peditaeniatus and An. nigerrimus is that in An. peditaeniatus the basal 0.33 and preapical area on vein R-R 1 is mainly pale-scaled, whereas it is mainly dark-scaled in An. nigerrimus. In specimens from Pakistan examined by us, however, these areas were mainly dark-scaled in An. peditaeniatus as well. Glick (1992) and Harrison and Scanlon (1975) also point out that the extent of pale banding on the hindtarsomeres is variable in An. peditaeniatus, and Glick (1992) suggests that early records of An. nigerrimus from Pakistan may in fact refer to An. peditaeniatus. These two species belong to the Southeast Asian segment of the hyrcanus species group and are closely related to the nominate species, An. hyrcanus (Pallas) and other described Palaearctic forms. The geographic separation of these two segments of the hyrcanus group in the west apparently runs north from the Indian Ocean up through Baluchistan to the Afghanistan mountains and east to the Himalaya mountains (Harrison and Scanlon 1975) . Thus, it is possible that members of the Palaearctic segment of this group also may occur in Pakistan.
